performed the same exercise twice on a different day at least one week apart. Subjects consumed anserine or water (control). Anserine was dissolved in warm water (30 °C, 200 ml) at a dosage based on body mass (11 mg/kg). Most subjects were not able to notice the difference in taste between the water that contained anserine and the control. The time sequence after the intake of anserine or water was: 20 min rest (Rest-1), first ETT for 5 min (Ex-1), 15 min rest (Rest-2), second ETT for 3 min (Ex-2), 5 min rest (Rest-3). The order of anserine or water intake was randomly changed from subject to subject. (1) Where P(f) and MDF are the power spectral density and median frequency, respectively. A regression curve was calculated from changes in MDF during Ex-1 and Ex-2. Since a measure of steepness of the regression curve indicates the degree of muscle fatigue, we compared the difference of the two slopes (Ex-1 and Ex-2), or the angle between these slopes (MDF angle).
The MDF angle was used as an index of fatigue. In other words, a larger angle indicated greater fatigue. This angle was obtained by eq. (2). (2) Where G Ex1 and G EX2 are the slopes of the regression curves during Ex-1 and Ex-2, respectively.
Statistical analysis: Differences in the change in angle between anserine and water (control) intake were evaluated by a paired t-test. The significance was defined as p<0.01. Figure 2 . Two large amplitude regions correspond to the first (Ex-1) and the second (Ex-2) exercise. Figure 4 compares the angles obtained by eq. (2) for anserine and water intake. Most angles for Ex-1 and Ex-2 are negative because the slopes for Ex-2 are steeper than those for Ex-1 both in anserine and water (control) intake, which suggests the anti-fatigue effect of anserine. 
RESULTS

An example of the measured EMG is shown in
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DISCUSSION
There are several ways to measure muscle fatigue in humans, such as with lactate [3, 20] other studies, these measurements did not directly show the anti-fatigue effect in human subjects.
Observing the reduction in median frequency or mean power frequency of electromyogram is another and conventional way to investigate the muscle fatigue [18, 23, 26] . However, as far as we know, this paper is an original study which applied the EMG to the verification of anti-fatigue effect of anserine in human subjects. Moreover, we added a new twist to the measurement protocol.
In this study, each subject performed ETT twice in a day with anserine or placebo and again performed the same ETT twice on a different day with placebo or anserine at least one week apart. The second ETT in a day was performed at 40 min after intake because blood anserine concentration reaches its maximum at that time [24] . The MDF slope at the second exercise was usually larger than that in the first, which implies that fatigue worsened in the second test. The error which stems from the daily variations in the physical condition of a subject can be minimized by comparing the differences of the MDF angles obtained on different days.
Our results indicate that anserine has the effect of reducing muscle fatigue in humans. Although this is a preliminary result, to our knowledge, it is the first direct demonstration of the anti-fatigue effect of anserine in humans based on EMG. 18. Dingwell JB, Joubert JE, Diefenthaeler F, Trinity JD. Changes in muscle activity
